' 4 correlation of this kind [between number of species and logarithm of area of island] is as interesting as it is unexpected, for it suggests the existence of an equilibrium value for the nuinber of species in a given island, a value which acts as a limit to the size of the fauna. The processes which determine the equilibriuin value for an island of given size inust be, on the one hand, the extiizctioiz of species, arzd, on the other hand, the formation of new species within the island, and the iinmigration of new species from outside it.
It is clear that the inspiration for both Munroe and The strikingly orderly relation between island area and species diversity has elicited several attempts to identlfy and to measure the contributing factors. . . . (1962) and MacArthur and Wilson (1963) Munroe (1953) developed his equilibrium theory of island biogeography in a subsequent paper, but only the abstract was published, and this appeared 4 yr after it was presented at a meeting in 1949. This tantalizing abstract contains only three paragraphs. The first, quoted above, points out the generality of the semi-logarithmic species-area relationship, but then Munroe goes on to present a mathematical model.
Preston

The actual form of the curves is that of a shallow sigmoid, with the equation
where F = number of species in the fauna at equilibrium, L = number of species in surrounding lands capable of immigrating into the island, i = the probability of any one of these species actually immigrating, p = the probability of extinction of a single pair of one species, and A = the area of the island, to which the population number of each species is assumed to be directly proportional. (where S = the equilibrium number of species, I = the initial immigration rate if the island were empty of species, P = the number of species in the species pool available to colonize, and E = the extinction rate if P species were present on the island).
The above quotes demonstrate that Munroe developed a concept of species equilibrium nearly identical to that derived later and independently by MacArthur and Wilson. Munroe clearly recognized that the equilibrium number of species represented a balailcc bc-NOTES AND COMRIENTS Ecology. Vol. 70,No. 6 tween opposing rates of extinction, which varied inversely with island size, and origination by both immigration, which varied directly with distance from a source of colonizing species, and speciation within the island, which varied with island size, environmental heterogeneity, and other factors (Munroe 1948: 1 18-1 19) . Thus in the abstract he writes:
Where speciation is important, as in large islands and continents, the expected size of the fauna is exceeded, but the relationship between area and size of fauna is not lost, but accentuated. -Munroe 1953: 53 In addition to speciation, Munroe recognized the importance of historical events, operating on geological time scales, that have since been shown to influence the size and composition of insular biotas (e.g., Brown 197 1, Diamond 1972 
Conceptual Advances and ScientiJic Progress Why didn't Munroe promote his ideas?
Despite the remarkable similarity of their ideas, Munroe's prior discovery had no apparent impact and went virtually unrecognized to this day (but see Gilbert 1984) , whereas MacArthur and Wilson's later, independent development of the same concept has been enormously influential.
It is not surprising that Munroe's concept of species equilibrium remained unknown to MacArthur, Wilson, and virtually all biogeographers and ecologists. Munroe's ideas were presented in five pages, one table, and one figure in a large unpublished doctoral dissertation devoted primarily to the systematics and descriptive biogeography of Caribbean butterflies, and in a one-page abstract in a relatively obscure regional publication.
In another sense it does seem surprising, especially with the clarity afforded by decades of hindsight, that Munroe did not make a greater effort to publicize his discovery. This is especially true considering that Munroe did not retire from productive science after receiving his degree, but went on to enjoy a distinguished career as a lepidopteran systematist. It is not hard to understand why a young scientist with "competing interests and pressures" did not aggressively pursue ideas that apparently elicited interest f?om only a few colleagues. In the late 1940s biogeography was dominated by descriptive and taxonomic approaches. This was not a propitious time for injecting mathematical theory and ecological concepts.
W h y were MacArthur and Wilson so successfill?
Even two decades later, in an intellectual climate much more favorable to mathematical models and ecological theories, MacArthur and Wilson's book was severely criticized (e.g., Sauer 1969 , Lack 1970 , Carlquist 1974 , Gilbert 1980 . Nevertheless, the equilibrium theory weathered this criticism, and by 1974 Simberloff, in a major review, cited 12 1 references to document how "Preston and MacArthur & Wilson revolutionized biogeography with the suggestion that the biota of any island is a dynamic equilibrium between immigration of new species onto the island and extinction of species already present." In fact, the equilibrium theory has emerged as one of the few enduring contributions of the theoretical evolutionary ecology of the 1960s and 1970s. MacArthur and Wilson's theory and the vicariance approach to reconstructing the history of biogeographic distributions are jointly largely responsible for the revitalization of biogeography that has occurred in the last two decades. In addition, the idea that the number of species represents a dynamic equilibrium between opposing rates of origination and extinction has had a major impact on other areas, such as the species composition of small patches of habitat, the coevolution of phytophagous insects and MacArthur and Wilson's success can probably be attributed to three factors. First, by the 1960s ecologists and evolutionary biologists were much more receptive to mathematical models than they had been a decade earlier. The genetic models of Fisher, Wright, and Haldane had not only endured, but proven their value in initiating a major synthesis of evolutionary theory. Cole, Preston, Hutchinson, MacArthur, and others had achieved considerable success in reviving the mathematical approach to ecology pioneered by Lotka, Volterra, and Pearl. There was an increasing dissatisfaction with purely descriptive studies, and a growing optimism that it would be possible to develop mathematical theories that would help explain the complex organization of the natural world.
The second reason for MacArthur and Wilson's success was that, like Darwin before them, they not only published their ideas in a seminal paper, but they followed up quickly with a much more substantial development in a major monograph. Although the 1967 book was rather spare by monographic standards, it enabled them to assemble and synthesize a significant body of theory and supporting data. It also certainly helped that by the time the book appeared, its authors were well on their way to establishing excellent reputations, MacArthur as a theoretical ecologist and Wilson as an insect systematist and biogeographer.
Undoubtedly the greatest reason for the success of MacArthur and Wilson's theory, however, was the elegantly simple and robust graphical form in which it was presented. The graphical model made the essential elements of the theory immediately accessible to a wide audience, including those with minimal mathematical training. More importantly, because it did not depend on equations of a specific form, the theory made robust, qualitative predictions about how measurable quantities such as species richness, species turnover rate, and rate of colonization of empty islands should vary with island size and distance from a source of new species.
The lessons. It is unfortunate that Munroe did not get more recognition for his discovery. One of the purposes of this essay is to rectify this. This case is strangely reminiscent of the independent discovery of the theory of evolution by natural selection by Wallace and Darwin. It shows that, as important as new ideas are in the progress of science, they are often not the unique inspirations of genius that are portrayed in the textbooks. On the one hand, scientific revolutions usually do depend on major conceptual innovations. On the other hand, in order for these insights to have impact they must be promoted cogently at a receptive stage in the development of a discipline. It is not sufficient to have a good idea, it is even more important to develop and publicize it. Munroe and MacArthur and Wilson had the same basic idea. Munroe, distracted by other interests and perhaps frustrated in his initial attempts to publish, allowed it to languish. MacArthur and Wilson vigorously pursued and advocated it, and had a major impact on their science.
